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Abstract: The presented study aims to overview the develdpen@etailed simulation model for analysis
of dynamic behavior of complex casings for poweit,tasing virtual prototype. Developed simulation
model has high level of geometry detail which afl@valuating its dynamic parameters with sufficient
accuracy. Various materials application for the pxaed casings is reviewed too. The target is to-dem
onstrate the approach for dynamic simulation ofhhigaded mechanical components using virtual proto-
type and its advantages when applied at earlieigiestage. Future steps for design optimization are
marked, based on the obtained simulations results.
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1. INTRODUCTION analytical/numerical. Analytical models are vemypior-
tant tools for clarifying and solving engineeringobp-
lems. New computer technologies and new software fo
computer-based modeling and simulation open the way
to new approaches to solve design problems ang-+to o
timize artifacts and processes. The term simulatfon
used here in the broad meaning of imitating theabiein

of a real system by constructing and experimendiith

a computer model of the system [5]. Tools and n@gtho
for creating and manipulating computer-based models
for performing simulations of complex systems, bee
coming increasingly important.

The aim of this study is to overview the developtmen
a detailed simulation model for analysis of dyma
havior using virtual prototype. Searching of bty

to obtain earlier implementation of analysis reducest

of production preparation, shortens the time amdotly
provides a good -cost-effectiveness. This is possibl
thanks to the use of virtual prototypes — in pattc
when implement FE analysis for determining stress-
strain behavior and dynamic parameters of the model

The given example is set on complex shaped casings
for power tool — mixerThe examined machine is dynam-
EfEalIy loaded and the discussed approach couldpe a
plied directly [6].

General parameters of structural dynamic behavior
could be evaluated by performing a modal analysés,
sides the conventional transient or even harmamatya-
es. The natural frequencies and Eigen vectors gjees
eral information about the structure — its rigidiéyd
mass distributions. It also answers the questiomsther
any vibrations could be expect in work conditioRe-
viewing Eigen vectors would give directions of dgsi

The globalization of industrial production and serv
es, high technical level, increased share of sipguibd-
uct requirements and the requirements of sustdityabi
product processes lead to the need for increasalityqu
requirements, based on engineering knowledge [6]. E
gineering can be viewed asdgcision-making process
[4]. No decision is, however, better than the ladigtrna-
tive. Alternatives can be created systematically aith
intuition. A proper evaluation of the alternativesjuires,
however, knowledge. New knowledge is created ibpro
lem solving processes.

Development of computing, and the appearance o{)f
increasingly complex methods, and models to siraulat be
physical processes and phenomena contribute tdehe
velopment and enforcement of virtual prototypingithW
the expansion of opportunities for information stam, is
increasingly expanding the scope of use accuracy an
cost effectiveness of technologies for virtual ptgping.
The application of virtual prototyping consistsrparily
in using three-dimensional computer model with\aele
of functional realism, similar to the physical mbodis
performances can be realized as a set of graphic
objects, three-dimensional CAD, mathematical, dinit
elements models or others.

Virtual prototypes application allows optimization
simulations to be performed as to improve the stinec
of the model and thus — its major performance param
ters. [1, 7]. The aim for a model is to supply aswer to
a specific question. A model can be mental, physara
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computing times without giving sufficient data éoraly-  solid type, which guarantees enough detailed gegymet

sis-based decisiorg]. representation. Interfaces between included compgsne
The entire process of optimizing design of examinedare linear type, allowing small relative displacetse

power tool should respond to the increasing requarets ~ where are expected. In fact, local contact behasioot

of various standards concerning ergonomics andttheal examined in detail, which is not problematic foe tur-

care factors. All these requirements, set as stdeda pose of current research.

make this type of evaluations a must condition [3].
Implementation of numerical techniques requires, a

it was mentioned, virtual prototype, and conseqaewic

different steps during simulation model preparatioe

described bellow.

2. STRUCTURAL SIMULATION, BASED ON A
VIRTUAL PROTOTYPE

Several steps are needed to be performed asamobt
accurate results. First of all, the objects ofghmaulation
should be defined and proper simulation thesis Ishioe
developed. The focus of the study is on the casings
complex shaped parts, that forms the entire odtses
and electric drive housing. They are connectedht® t
gearbox, which is unimportant object for the scaje
current study. Thus, the model should include teai
virtual prototypes of both casings and simplifieddals
of the electric motor (stator and armature) andthef
gearbox. Next steps are shown in detail bellow.

2.1. Geometric model (3D CAD mode)

The main component of virtual prototyping tech-
nigues is the implementation of geometric modelit Is NIERNAL SLDEOF MA
was mentioned above, models of complex casings for

power tool are examined to improve their dynamicapa Fig. 2. Finite element model.

meters, together with simplified models of othempo- ) o

nents that have influence mainly by their massattar ~ 2-3- Applied boundary conditions .

ristics. Used models are shown on Fig. 1. Th_e target is to represent the work condl_tlonsmf t
Besides the casings, electric motor and gearbax, th€xamined power tool (mixer). As the tool is not -pre

connecting brackets and their coupling component§ented in the model itself, the constraint is aapbn the .
(screws) are also modeled — in higher level ofitleta bottom face of the gearbox. Performed modal amalysi

Small modifications on geometry model are per- does not require any additional boundary conditibus
formed to simplify the structure without decreasieg "€ constrained degrees of freedom. Structural degnp
sults accuracy. This includes mainly removing sreaft 1S included in the model by the means of Rayleigmp-

faces, which also improves the mesh quality at all. Ing. o .
Modal analysis is used to determine natural frequen

2.2. Finite element model (FEM) cies of the structural model. The maximal frequeoty

Generated meshed structure is shown of Fig. zexcitation is of electric motor in the initial, waded

(ANSYS program used). The meshed model comtain condition — about 470Hz. Thus, the analysis wilsbéin
about 5.8 billions of nodes and 3.7 billionst#ments  the range 0+500Hz, where natural frequencies vell b
calculated and reviewed_.

AR

Fig. 1. Geometric model. Fig. 3. Boundary conditions.
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Table 1
Material properties
Material PA6 PP ABS
GF 30 GF 30 801L
Property
Young modulusk, GPa 7.8 4.7 2.€
Density,p, kg/n? 135( 111¢ 105(
Poisson’s ratioy 0.3¢ 0.3¢ 0.3¢€

2.4. Material properties

The focus of the study is set on the casings -iraig
ly produced of glass fiber filled polyamide. All hatr
components are used mainly as mass characterdstits
are considered unimportant for the current exanunat
The material properties of material PA6 GF30, atsd i
possible replacements, are shown in Table 1. Nennat
al-dependent damping is included in the preserited-s
lation model.

3. DYNAMIC ANALYSISTO DETERMINE
NATURAL FRIQUENCYSOF INITIAL
MODEL.RESULTS

as it is shown on Fig. 4. This zone requires defi@i
design modification as to increase local rigiditydato
achieve better performance of the examined handl-hel
power tool. A possible solution is by adding second-
centric rib.

The bending of the handles is defined by their
mass/rigidity proportion, but it is not critical &ds over
the maximal rotation speed of the electric motor —
470Hz.

All other intermediate frequencies are defined tyain
by the rigidity of the connections (ribs) betwedectic
motor and the outer covering shell, i.e. they ag/ sim-
ilar like weak part to the first natural frequenchhis
shows once again the importance of the examined zon
and its influence over vibrations of the machine.

Analyses results for the remaining two types ofanat
rials — PP GF 30 and ABS 801L shdower values for
the natural frequencies at the same shape of defitom
ABS 801L even shows 3 natural frequencies moréen t
range of interest, comparing to the other materisd-
ified homopolymer PP, used for injection molding, i
suitable for the current purpose. It is lighter astdf
enough for current purposes. Generally, this isoadg

Performed examination shows 6 natural frequenciesilternative of commonly used PA6 GF 30, and codd b

in the range of interest (0 to 500Hz) for both P& 30

and PP GF 30 materials. ABS material shows 9 freque

cies up to 500 Hz range. Summary is shown in Table
where all the three examined materials are enteiretthe
first 6 natural frequencies.

Above shown natural frequencies are illustrated for

the original material as Eigen vectors on the figxires.

Shown deformation distribution fields are geneaal,
the calculated model does not include damping. rfEhe
sults are indicative for the shape and their exattes
could not be used, as damping would change thenifsig
icantly. The target is to explore the natural moded
frequencies rather than obtain exact values focefor
deflection behavior of the structure. Next commeanid
results analysis are oriented to the original niater PA
6 GF 30.

Two of all 6 frequencies, that are calculated tarbe
the range of interest, are shown in detail — thet fion
Fig. 4) and the last"6— on Fig. 5. They are found to be
essential for the research model, as they presentyp-
ical types of deformation, that could be viewedtlie
other Eigen vectors too — torsion of the casingg. (§)
and bending of handles (Fig. 5).

Torsion deformation type has relatively low frequen
cy — that corresponds to the work rotation speethef
electric motor and respective measures should kenta
to avoid it. It is defined mainly by the local rility of the
ribs, that connects the stator to the outer dogeshell,

Table 2
Modal analysesresults. Natural frequencies, Hz

Material type: PAGF30 | PPGF30 | ABSB01L
15" mode 2417 205.1 157.:
2™ mode 29¢ 261 200.:
3 mode 367.¢ 32 247
4™ mode 433 374.% 286.:
5™ mode 469.E 420.: 321.:
6" mode 496.7 429.7 328.¢

recommended for the examined power tool.

Fig. 4. First natural frequency — rotation around the afithe
electric motor.
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Fig. 5. Sixth natural frequency — determined entirely apdie.

4. CONCLUSIONS

The presented approach facilitates the evaluatfon o[4]
dynamic behavior of complex mechanical componeamts i
early stage of their design development that hétps
avoid expenses for design modifications. The apgroa [5]

involves virtual prototype in combination with nurical
techniques that helps to understand the sourcetehp
tial issues and, on the next stage — to avoidaithEtera-
tion for optimizing the behavior is performed owbe
virtual prototype and decreases also the cost edymt
development. It is important to note that the pbysif-
failure description is a very important step in ttie-
scribed approach.

A major point in the presented study is the applica
tion of modal analysis instead of transient analysito
examine dynamic behavior of the structure. Together
with the performed simplifications of the studietdus-
ture, this helps to reduce total time for analysispara-
tion and gives important directions for design nficdr
tion.

Presented example refers to complex plastic parts
with expensive mold equipment. Used 3D models in-
clude all major geometry details which allow obtag
results very close to real parts behavior, esggdiatal
rigidity of different design components.

Performed structural dynamics simulation shows a
problematic zone — the connection between outdigéd s
and internal motor cage. Local rigidity influenctse
first five natural frequencies, that are in the kvoange
of up to 500Hz. Further design improvement showdd b
directed in this zone — by adding concentric ribsreas-
ing the thickness of existing ones, etc.

Finally, optimized design will be checked by apply-
ing the same methodology and compared to already ob
tained results.

Generally, the combination of virtual prototypingda
engineering analyses could be a powerful tool toatd
speed up product development and decrease its cost.
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